An Escherichia co/i K12 strain, FC40, has been used extensively in the analysis of adaptive mutability. This strain carries a revertible mutant Iac allele on an F plasmid and accumulates Lac+ (lactose utilizing) revertants, but not unselected mutants, when placed on selective medium. These adaptive mutations are a subset of spontaneous types and their formation depends on the RecABC functions. Data presented here suggest that this phenomenon depends on transfer functions of the F factor. Fertility inhibition eliminates RecA-dependent adaptive reversion. Thus, "adaptive" revertants may form during replication from the transfer origin, whereas loci in the nonreplicating chromosome show little mutation.
The phenomenon variously known as adaptive or directed mutation has provoked considerable controversy and experimentation [reviewed in (1, 2) ]. The term adaptive mutation is associated with recent challenges to the neo-Darwinian tenet that all mutations occur spontaneously without regard to fitness. Luria and Delbruck, and the Lederbergs showed that some mutations occur prior to selection (3) . The possibility of selectiondirected mutations does not contradict these landmark demonstrations (4, 5) .
The most complete body of evidence in support of adaptive mutation has involved Escherichia coli mutants defective in lactose utilization. In this system, during extended incubation on minimal lactose medium, the appearance of Lac' revertant colonies is linear with time and distributed with a low variance (5, 6) . Each plated cell has a small time-dependent probability of reverting to Lac'. The postplating reversion events occur in a nongrowing cell population (6, 7) . Mutations at unselected sites do not accumulate (or are not fixed) with time (5, 7) . Thus, mutability appears to be directed to the base pairs that limit growth. Some workers have proposed alternative interpretations of the observations (2, 8) . Others have investigated the mechanistic basis of the phenomenon. The latter approach has revealed that postplating reversion depends on homologous recombination functions (RecABC) (6, 9) . Furthermore, the revertant types that arise during selection are a subset of the types that arise during unselected growth (10) . All of these results have been obtained using a single E. coli strain, FC40, which carries a mutant lac locus on an F plasmid (6) . Here The reversion of the fertile (Fin-) strain was reduced 16-fold by the recA null mutation (compare Fig. 1A and 1B), whereas the reversion of the inhibited (Fin') strain was unaffected by the recA mutation (P = 0.9).
Growth of the four tester strains used in the reversion experiments was monitored by the removal of agar plugs from the nonrevertant background, suspension of the cells in saline, and assaying their numbers on appropriate plates (Fig. 2) . Salmonella strains such as the scavenger, TR6625, doubled two or three times on the first day and then grew no more; thus, our lactose plates did not support growth (after day 1) of strains without an exogenous lac operon. All strains bearing plasmid F' lacI33fklacZ showed slow exponential growth throughout a week of incubation. This growth of the Lac-population can account for the exponential accumulation of Lac+ revertants ( Fig. 1) (6, 18) . Residual ,B-galactosidase produced by the mutant lac locus may provide the energy needed by the donor strain for conjugation under starvation conditions (21) . Under conditions that limit growth, the F factor may behave as a selfish genetic element, replicating and moving to new cells. Because host genes are occasionally mobilized, such behavior could have important consequences for the evolution of bacterial populations under commonly encountered stressful conditions. Furthermore, these ideas suggest that F plasmid fertility functions may be regulated in more complex ways than presently understood.
The spectrum of Lac' revertant types of strain FC40 differs under selective and nonselective conditions (10) . Rapidly growing, unselected cultures produce -1 frameshifts (correcting the polar +1 frameshift in the lad region), and small rearrangements (duplications, deletions) that also relieve polar effects on lacZ. On selective medium the rearrangement class is underrepresented. Small rearrangements like these have been linked to discontinuous lagging-strand DNA synthesis (22) . The different mutation spectra may be associated with different modes of DNA replication of the F plasmid [re- (23) ]. Under nonselective conditions, the vegetative replication origin, oriV, is the site of initiation of cell cycle-coupled replication with concerted leading-and lagging-strand synthesis. The sexual mode (utilized on selective plates) involves rollingcircle replication initiated at a specific nick at the transfer origin, oriT. Leading-strand replication occurs in the donor cell and replaces a transferred single strand. Lagging-strand replication and Rec-independent plasmid recircularization occur in the recipient cell [reviewed in (24) ]. This uncoupled leading-and lagging-strand synthesis may be less prone to generation of small rearrangements.
Our experiments indicate that homologous recombination is required for the observation of mutations generated during transfer replication. In standard conjugation experiments, F' plasmid transfer to a recipient is independent of RecA function in both the donor and the recipient. This may not be true under all conditions. We suggest that during growth limitation, transfer replication (internal or between siblings) seldom goes to completion. This results in linear fragments that cannot circularize but may include a revertant allele; these fragments must be incorporated into an intact replicon by recombination to allow formation of a revertant colony.
Though the apparent adaptive mutability in the F'lac situation may be the result of plasmid transfer replication, the possi- Fig. 1 single entity (4) (5) (6) . Biochemical studies indicate that SUR is a large membrane protein (140 to 170 kD) (7) that can bind sulfonylureas with high affinity (dissociation constant Kd < 10 nM) (1). The affinity of sulfonylureas for SUR is decreased by nucleotides and possibly phosphorylation (8) . It has been proposed that the KATP channel contains a sulfonylurea binding domain, a binding site for potassium channel openers, and two or more nucleotide binding sites that can discriminate between ATP and ADP (9) . One report has placed the nucleotide binding sites and the sulfonylurea binding site on the same large molecule with an ATP affinity label (10) .
Glyburide (11) and an iodinated derivative of glyburide (12) can be cross-linked by photolabeling to a protein with an apparent molecular size of 140 kD. The pharmacological characteristics of the photolabeling (12), the low-nanomolar Kd, and the appropriate rank order displacement with other insulin-releasing sulfonylureas are expected from studies on glyburide-induced insulin release and inhibition of KATP channel activity. These results indicate that the 140-kD molecule is SUR. We used a radioiodinated derivative of glyburide (12) to purify hamster SUR (13) and obtain the NH2-terminal amino acid sequence from
